ABSTRACT Strong gravitational lensing (SL) is a powerful means to map the distribution of dark matter. In this work, we perform a SL analysis of the prominent X-ray cluster RXJ0152.7-1357 (z=0.83, also known as CL 0152.7-1357) in Hubble Space Telescope images, taken in the framework of the Reionization Lensing Cluster Survey (RELICS). On top of a previously known z = 3.93 galaxy multiply imaged by RXJ0152.7-1357, for which we identify an additional multiple image, guided by a light-traces-mass approach we identify seven new sets of multiply imaged background sources lensed by this cluster, spanning the redshift range [1.79-3.93]. A total of 25 multiple images are seen over a small area of ∼ 0.4 arcmin 2 , allowing us to put relatively highresolution constraints on the inner matter distribution. Although modestly massive, the high degree of substructure together with its very elongated shape make RXJ0152.7-1357 a very efficient lens for its size. This cluster also comprises the third-largest sample of z ∼ 6−7 candidates in the RELICS survey. Finally, we present a comparison of our resulting mass distribution and magnification estimates with those from a Lenstool model. These models are made publicly available through the MAST archive.
INTRODUCTION
Colliding or merging galaxy clusters are unique laboratories that can not only shed light on structure formation (Peebles et al. 1989; Planck Collaboration et al. 2016) , galaxy evolution (Boselli & Gavazzi 2006; Deshev et al. 2017 ) and scaling relations (Poole et al. 2007 ; Krause et al. 2012) of clusters during such events, but can also put important and unique constraints on the self-interaction cross-section of the elusive dark matter (Clowe et al. 2006; Bradač et al. 2008; Merten et al. 2011; Dawson et al. 2012 ). Thanks to recent extensive observing surveys with the Hubble Space Telescope Postman et al. 2012, Coe et al. in preparation) , a myriad of clusters at relatively low and intermediate redshifts are analyzed in great detail. Strong gravitational lensing (SL) is one of the most valuable tools to gain insight on the distribution of dark matter in the core of the cluster. SL has proven to provide a determination of the total mass distribution of galaxy clusters at a percent level precision (e.g. Richard et al. 2010; Jauzac et al. 2015; Grillo et al. 2015; Monna et al. 2017; Limousin et al. 2016; Johnson & Sharon 2016; Cerny et al. 2017) , in addition to allowing us to probe the early Universe, since background galaxies are magnified by the lens (Richard et al. 2008; Zheng et al. 2012; Coe et al. 2013; Atek et al. 2015; Livermore et al. 2017; Bouwens et al. 2017b; Hashimoto et al. 2018) . However, only a few cases of massive merging galaxy clusters at higher redshifts, namely close to z ∼ 1 or above, have been extensively studied (Della Ceca et al. 2000; Jee et al. 2005b; Maughan et al. 2003; Coogan et al. 2018; Paterno-Mahler et al. 2018; Khullar et al. 2018 ). RXJ0152.7-1357 (also known as CL 0152.7-1357 and referred to as RXJ0152 hereafter), at R.A=1h52m40s, Dec=−13
• 57 19 , constitutes one of these well-studied laboratories, yet lacking a full strong-lensing analysis until recently.
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This cluster was detected by the ROSAT Deep Cluster Survey (Rosati et al. 1998) , the Wide Angle ROSAT Pointed Survey (WARPS, Ebeling et al. 2000) and SHARC (Romer et al. 2000) as an extended source with a double core structure as well as being among the most X-ray luminous, massive merging clusters known at a redshift > 0.55 (Della Ceca et al. 2000) . RXJ0152 was also targeted together with other 14 distant cluster candidates with the Low-Resolution Imaging Spectrograph (LRIS) with Keck Telescope in the framework of the WARPS survey. The redshift of 6 galaxies close the Xray peak provided a cluster redshift of z=0.8325 (Ebeling et al. 2000) . Subsequent X-ray studies with BeppoSAX (Della Ceca et al. 2000) and Chandra (Maughan et al. 2003; Huo et al. 2004) found RXJ0152 to consist of two main, gravitationally bound, massive and X-ray luminous sub-clumps, at a projected distance of 730 kpc, and probably being in the early stages of a massive merging process. The X-ray temperature of the whole cluster was found to be ∼ 6.5 +1.7 −1.3 keV. RXJ0152 was also targeted through the SunyaevZeldovich effect with the Berkeley-Illinois-Maryland Association (BIMA) millimeter interferometer (Joy et al. 19 We note that through RELICS, a Lenstool model was previously made available through MAST but we present in this work the first published full SL model of the cluster.
2001). The authors determined its total mass to be ∼ 2 × 10 14 h −1 100 M within a 65" radius, consistent with the values inferred from the X-ray temperature measurements.
Extensive spectroscopic studies on this cluster that followed Girardi et al. 2005; Jørgensen et al. 2005) , enabled the authors to characterize in detail the dynamical properties of this cluster, embedded into a larger-scale filamentary structure of the cosmic web (Tanaka et al. 2006) . Dynamical studies confirmed the picture of an irregular mass distribution where cluster galaxies were observed to form substructures coinciding with those in the extended X-ray emission. These studies also indicated that the two main clumps are most likely bound and currently undergoing a merging event.
Further insights on the overall mass distribution of RXJ0152 were inferred from weak lensing (WL) studies (Huo et al. 2004; Jee et al. 2005a) thanks to the highresolution of the Advanced Camera for Surveys (ACS) observations. The WL mass estimates at a 65" radius were found to be in good agreement with previous results from X-ray and SZ observations. Interestingly, when comparing the WL mass reconstruction with the Xray morphology from Chandra and optical observations, Maughan et al. (2003) and Jee et al. (2005a) noted a displacement between both the luminous and dark mass distribution and the X-ray centroids, where cluster galaxies and mass clumps seemed to lead the X-ray peaks (tracing the intracluster medium, slowed down by ram pressure). The fact that similar offsets are observed in other well known merging clusters (Clowe et al. 2006; Markevitch et al. 2002) further strengthens the merger scenario in RXJ0152.
In brief, previous multi-probe (X-ray, optical, SZ, dynamics and weak lensing) studies of RXJ0152 all characterized this system as highly unrelaxed and presenting a complex morphology, i.e. composed of a large number of subhaloes.
In the central region of the cluster, where the SL features are seen, Umetsu et al. (2005) found the first multiple-image system, a z = 3.93 galaxy lensed by the NE clump into three multiple images which allowed them to study the lensed galaxy in detail and construct a simple symmetric mass model for the NE clump (with some priors drawn from previous mass estimates from WL by Jee et al. 2005a ). However, having only one multipleimage system usually allows one to only assess the enclosed mass within the system's effective Einstein radius, rather than to actually constrain the overall mass distribution and profile of the cluster.
In this work, we have taken advantage of the recent Reionization Lensing Cluster Survey (RELICS) observations (e.g. Cerny et al. 2017, Coe et al., in prep) to revisit the SL modeling of RXJ0152, the third highest-redshift cluster of the sample. We identify various additional sets of multiple images spread throughout the central clumps, allowing us to constrain in detail the inner mass distribution of the cluster using two well-known modeling tools.
A major goal of the RELICS survey is to detect a large sample of high-redshift (Salmon et al. 2017 ), magnified galaxies. SL models for high-redshift clusters are of great interest as the cluster lensing power increases significantly with source redshift compared to lower-redshift -Color-composite image of RXJ0152. Image was created using the HST/ACS passbands F435W (blue), a combination of F606W+F814W (green), and a combination of the HST/WFC3IR passbands F105W+F125W+F140W+F160W (red). The resulting critical curves from our best-fit model are displayed for a source at z ∼ 2.0 (in green) and z ∼ 9.0 (in violet). Multiple images (color coded to ease their identification) are labeled according to Table 1. counterparts (Zitrin et al. 2013a) . Indeed, RXJ0152 presents the third-largest sample of high-z (z 6) candidates from the RELICS cluster sample (Salmon et al. 2017) making the SL models presented here crucial for accurately determining the properties of these highredshift candidates as well as translating the sample of candidates into a galaxy luminosity function.
This work is organized as follows: in §2 we briefly describe the observations. These were used to identify multiple images considered for the SL analysis, presented in §3. The results are presented and discussed in §4. Finally the work is summarized in §5. Throughout we assume a ΛCDM cosmology with Ω m0 = 0.3, Ω Λ0 = 0.7, H 0 = 100 h km s −1 Mpc −1 , with h = 0.7, where 1 = 7.71 kpc at the redshift of RXJ0152.
DATA AND OBSERVATIONS

Imaging
The cluster analyzed in the present work is part of the RELICS cluster sample (PI: D. Coe, Coe et al., in preparation) . The RELICS program has targeted 41, mainly SZ-selected massive clusters (including other several criteria, see Cerny et al. 2017, or Coe et al., in preparation , for more details) to efficiently search for magnified high-redshift galaxies in time for spectroscopic follow-up with James Webb Space Telescope (Salmon et al. 2017) . Given that some Hubble Space Telescope (HST ) archival observations already existed for RXJ0152 (program 9290 and follow-up observations searching for supernovae programs 10493 and 10793), RELICS completed the observations needed to make this cluster a coherent part of the RELICS sample. In total, including the previous existing observations, RXJ0152 has been observed for a total of 3 orbits with the Advanced Camera Survey (ACSin the F435W, F625W, F775W, F850LP bands), 2 orbits with the Wide Field Camera 3 (WFC3/IR-in the F105W, F125W, F140W, F160W bands) and 30 hours per band of each of the Spitzer -IRAC channels (PI: M. Bradac, PI: Soifer). In this work we used the reduced HST images, and photometric source catalogs generated with SExtractor (Bertin & Arnouts 1996) in dual-image mode from the final drizzled 0.06" images. Bayesian photometric redshifts (hereafter z phot ) were derived using the Bayesian Photometric Redshift program (BPZ, Benítez 2000; Benítez et al. 2004; Coe et al. 2006 ) from seven HST band imaging-data (both from RELICS observations and HST archival data). These data products are available for the community through the Mikulski Archive for Space Telescopes (MAST) 20 .
2.2. Spectroscopic observations The cluster was observed with LDSS3-C 21 on the Magellan / Clay telescope on 2017 July 27 (University of Michigan allocation, PI: Sharon). The seeing ranged between 0. 5 − 0. 7 with thin clouds throughout the night. The data were obtained with the VPH-ALL grism (4250Å < λ < 10000Å). The spectra were reduced using the standard COSMOS routines (Dressler et al. 2011; Oemler et al. 2017) . A full description of spectroscopic follow-up will be presented in a forthcoming paper (Mainali et al., in prep) . We measure two secure redshifts in this field, both from detection of Ly-α. An image of system 1 at 1:52:45.358, -13:57:07.75, confirming the redshift previously measured by Umetsu et al. (2005) , z spec = 3.930, and a galaxy at 1:52:39.566, -13:58:37.11, z spec = 3.611.
LENS MODEL
3.1. The LTM pipeline We perform the SL analysis using the LTM method by Zitrin et al. (2009); Broadhurst et al. (2005) . LTM has proven to be a powerful method to both identify new multiple images, and constrain the cluster mass distribution (e.g., Merten et al. 2011; Zitrin et al. 2015; Frye et al. 2018) . The LTM pipeline has been adopted as well to model other RELICS clusters (see Acebron et al. 2018; Cibirka et al. 2018) . We give here a brief overview of the pipeline, but we refer the reader to these recent papers for further details.
Our method relies on the assumption that the underlying dark matter (DM) distribution in the cluster is traced by the distribution of the luminous component -or namely -cluster galaxies. This brings to a minimum the number of free parameters needed to generate a mass model, while still possessing sufficient flexibility to describe the underlying mass distribution. The position and source redshift (where available) of multiple images are used as constraints for the SL modeling. We start constructing a mass model by identifying cluster members, following the red-sequence method (Gladders & Yee 2000) . We use the magnitudes measured from the F606W and F814W filters to draw a color-magnitude diagram and consider only galaxies down to 24 AB within ±0.3 mag of the sequence. We then apply several criteria to exclude stars from our selection: we consider objects with magnitudes fainter than 17 AB with a cut-off value for the stellarity index of < 0.95 and rely as well on the help of a size-magnitude relation, plotting the FWHM versus the F814W magnitude in which stars occupy a specific region of the parameter space. An important step is a subsequent visual inspection of the selected cluster members where we discard further interloping galaxies (bright foreground galaxies for instance) or artifacts (such as faint and diffuse objects). We also used the delivered photometric catalog which includes photometric redshift estimates from BPZ to check that all selected 20 https://archive.stsci.edu/prepds/relics/ 21 http://www.lco.cl/telescopes-information/magellan/ instruments/ldss-3 cluster members were within z phot ± 0.1 of the mean redshift of the cluster. Finally, we also compared our selection with previous publicly available spectroscopic catalogs from Demarco et al. (2005 Demarco et al. ( , 2010 . In the most central regions of the cluster, apart from the brightest central cluster members, a large number of galaxies that appear to be red-sequence cluster members were lacking a spectroscopic confirmation so we chose to rely on the red-sequence method for the rest of the analysis. Once a final list of cluster members is constructed, each cluster member is then parametrized by a symmetric power-law surface mass-density distribution, scaling linearly in amplitude with luminosity (for some galaxies, ellipticity or other scaling relations can be introduced; see below). The power-law exponent is the first free parameter of the model and the same for all galaxies. The dark matter distribution, as is assumed in our method, will follow the luminous component as well but is smoothed with a 2D Gaussian-whose width is the second free parameter of the model. Both components are then co-added with their relative weight being the third free parameter. The fourth free parameter refers to the overall normalization. Our method allows for further flexibility by adding a two-parameter external shear (which introduces ellipticity to the magnification map) parametrized by its amplitude and its position angle, bringing to a total of 6 basic free parameters. Finally, to better reproduce the observations, other parameters can be introduced, such as the weight of the BCG, its ellipticity, position angle or redshift of background sources, which can be optimized by the pipeline.
The goodness of the fit is assessed using a χ 2 criterion during the minimization which quantifies the quality of reproduction of multiple-image positions in the image plane, given by:
where the the difference between the model predicted x of the multiple images is weighted by the observational uncertainty σ i (assumed here to be of 0.5" for all multiple images). Independently, we can also assess the goodness-of-fit of a model with the root-mean-square (RMS) between the observed and model-predicted positions of the multiple images in the image plane, which can written as follows:
where N img is the total number of images.
Identification of multiple images
In an iterative way and starting with a simple initial model, our method predicts both the shape and orientation of multiply-imaged candidates by sending them to the source plane and back to the image plane using the lens equation (namely β = θ − α, where β is the angular source position, θ the observed image position, and α the so-called reduced (i.e., scaled) deflection angle, in this case given by the initial model). Using these predictions we thus can identify new multiple-image families based on similar colors, morphology and symmetry, allowing us to refine the initial model. In this study we only use as constraints the position of multiply imaged systems that we consider secure (i.e. those whose agreement with the model prediction, internal details, similar colors, and symmetry, leave essentially no doubt these are images of the same source).
The first multiply-imaged system used to constrain the mass model was reported by Umetsu et al. (2005) who measured a spectroscopic redshift of 3.93 with the Faint Object Camera And Spectrograph on the Subaru telescope (FOCAS). This background galaxy is lensed by the NE clump into three multiple images appearing as a greenish galaxy on the HST composite image in Figure 1 . We report however an additional image in the system, image 1.4, which lies next to a nearby cluster member. This is the only system having a redshift spectroscopically confirmed. In addition we have identified seven other multiple-imaged systems, displayed in Figure 1 and listed in Table 1 . System 2 comprises three multiple images that have similar colors in the HST composite image. Systems 3 and 4, with three multiples images each, show an arc shaped image in the central region of the cluster. Due to the difference in color between the two ends of the arc we mark them as two different systems, supplying two sets of constraint to the model. System 5 consists of three multiple images, images 5.1 and 5.2 are stretched into an arc shape, with two, bright emission knots, appearing light green in a composite color image as in Figure 1 . A candidate counter-image c5.3 sits on the other side of the opposite critical curve. As seen in Table 1 , the redshift of this system is not well constrained with the LTM optimization. We use a predicting tool to de-lens one image of the system to the source plane and back to the image plane to compare the model-predicted and observed location and orientation reproduction. Our best-fit LTM model for prefers a higher redhsift (in the redshift range 2.5 − 3.1), in good agreement with the Lenstool and BPZ estimations.
The three multiple images making up system 6 and system 7 appear as two bright peaks with similar colors, respectively, lying next to each other. Finally, systems 8 has three multiple images that appear as a bright peak with a long tail. All multiple images are marked in Figure 1 and, their reproduction by our best-fit model, is shown in Figure 5 . Our model only predicts two additional, fainter, multiple images for system 5. Other, less secure, multiply imaged systems predicted by our SL model are reported in Table 1 as candidates. System c9 appears as 3 images, one of them being a pink arc, with several emission knots (images c9.1 and c9.2). System c10 comprises 3 green images and is considered as a candidate as few nearby objects are similar in terms of colors and morphology, diminishing the reliability of our candidate identification. Therefore, we chose not to include these counter images in the modeling and only refer to them as possible candidates. We find that the best SL model for RXJ0152 is obtained when not considering any galaxy as predominant (i.e a BCG) as its structure shows a very elongated cluster with no clear central, predominant region. Typically, with the LTM formalism, the BCG is found to contain more mass with respect to its light compared to other members, and we therefore usually allow its M/L ratio to vary while we found this was not needed for the modeling of RXJ0152. We also do not assign any ellipticity for the central bright galaxy. We do however optimize both the ellipticity and position angle of the bright cluster member of the NE clump, close to the images of system 1, which slightly improves their reproduction. We scale our model to the spectroscopic redshift of system 1 (see Table 1 ) and leave the redshift of the remaining systems as free parameters to be optimized in the minimization procedure (allowing the corresponding D LS /D S ratio for each system to vary by −0.3 and +0.5).
The optimization of the model is carried out with several thousand Markov Chain Monte Carlo (MCMC) steps and includes a total of 14 free parameters when accounting, in addition, for freely optimized galaxies and source redshifts where needed.
The resulting critical curves (for a source at z s = 2 and z s = 9) for our final best-fit model, which has an image reproduction RM S = 0.84 , are shown in Figure 1 . The reproduction of the multiple images used as constraints in our model are shown in Figure 5 and the obtained best-fit parameters are presented in Table 3 which are specific to our methodology as the LTM model is not analytic. RXJ0152.7-1357 was also modeled with the Lenstool 22 pipeline (see Jullo et al. 2007 , for further details) and model products were made publicly available by the RELICS team through MAST. In order to compare the main SL outputs between the two modeling algorithms, we revisit the Lenstool analysis and compute a second version (V.2) using the same lensing constraints as the LTM model, except for system 9 that is in addition included in the Lenstool model. We provide here a comparison of the main SL outputs between the LTM and Lenstool pipelines but refer the reader to a forthcoming study for a more detailed and extensive comparison (see also Meneghetti et al. 2017; Remolina González et al. 2018 , for comparison studies of different SL algorithms).
RXJ0152 is modeled using the same constraints reported in Table 1 except for system 9 that is included in the Lenstool modeling (images 9.1 and 9.2). Both the large and small-scale haloes are parametrized by a pseudo isothermal density profile (PIEMD, Kassiola & Kovner 1993) . We optimize the ellipticity, position angle, core radius and velocity dispersion of the main large-scale halo; the central coordinates of the halo are also let free during the optimization. Moreover, the cluster member close to system 1 is modeled independently with a PIEMD profile where the core radius and velocity dispersion are optimized during the minimization procedure (i.e. not following the scaling relations). The LTM pipeline provides a hint on a additional mass in the outskirts of the cluster in the South-West direction that can also be seen in the X-ray map (see Figure 2) . We found that an additional large-scale clump for this SW structure improved the Lenstool fit by ∼ 0.1". However, this improvement is not significant enough, in terms of the Bayesian Information Criterion (B.I.C.) that prefers a model not including additional free parameters to be optimized in a region with no lensing constraints.
Finally, the small scale haloes associated with cluster members are also parametrized with a PIEMD profile with a fixed core radius of 0.01 kpc, a velocity dispersion 22 https://projets.lam.fr/projects/lenstool allowed to vary between 50 and 200 km/s, a cut radius varying from 20 kpc to 200 kpc and following the scaling relations (Faber & Jackson 1976) . We assign the ellipticity and position angle values measured from the light distribution with SEXtractor Bertin & Arnouts (1996) to model the underlying dark matter distribution. As in the case of our modeling with LTM, the redshift of all systems but system 1 are optimized with a flat prior.
Our resulting best-fit model from Lenstool has an RMS of 0.52 . The best fit parameters are shown in Table 4 and the resulting critical curves and magnification map from our best-fit model are shown in Figure 6 . We have also carried out a model where the galaxy-haloes are considered spherical (as in the LTM model). The resulting RMS is of 0.59 , which is very similar to our fiducial model and their mass profiles are also equivalent within the statistical uncertainties. Finally, we have also modeled RXJ0152 without system 9 with Lenstool. This model yields an equivalent fit (with an RMS of 0.53 ) in terms of best fit parameters to that of our fiducial model but the latter yields a more robust mass profile estimation in the inner cluster region, i.e. with lower statistical uncertainties.
RESULTS AND DISCUSSION
Both the surface mass-density distribution from our best-fit model and the mass profile are shown in Figure 2 and 3, respectively. Our SL analysis reveals, as implied by its member galaxy distribution, a highly elongated cluster in the NE-SW direction (see the κ map in the left panel of Figure 2 ), composed of several clumps. We also compare the mass distribution of RXJ0152 obtained from our SL analysis to previous high-resolution X-ray observations with Chandra (ObsId 913, Ebeling et al. 2000; Maughan et al. 2003) in Figure 2 (see dashed red contours).
While our LTM pipeline strongly follows the assumption that light traces mass, Jee et al. (2005a) showed in their WL analysis that there exists a strong correlation between both the light and mass components. However, the X-ray peaks are displace with respect to the peaks of the mass distribution (see also Maughan et al. 2003) . Together with previous X-ray (Maughan et al. 2003) and WL studies (Jee et al. 2005a) , the elongated, filamentary-like structure of the SL region, further supports the merging scenario.
We compute the effective Einstein radius of RXJ0152, defined as θ E = A/π, where A refers to the area enclosed within the critical curves. Our SL analysis reveals a relatively small lens, with an effective Einstein radius of θ E (z s = 2) = 8.5 ± 1 and a corresponding enclosed mass within the critical curves of 2.5 ± 0.4 × 10 13 M (with the uncertainties typically encompassing both the statistical and systematic errors, e.g. Zitrin et al. 2015) . The critical area increases significantly for higher redshift sources due to the merging of the critical curves by different clumps as shown in Figure 1 , reaching θ E (z s = 9) = 19 ± 2 . We also find an Einstein radius of θ E (z s = 3.93) = 15.2 ± 1.5 , in agreement with the previous estimation from Umetsu et al. (2005) . Figure 4 shows the magnification map for a source at redshift z s = 6.5 (left panel) together with the position of the high-z candidates reported by Salmon et al. (2017) within RXJ0152's field of view. Overall we find that our magnification estimation is constrained to better than 20% in at least 80% of the modeled FOV. The cumulative area magnified above a certain magnification value (which assess the strength of the lens) at a source redshift z s = 9.0 is shown in the right panel. RXJ0152 covers a modest area of high-magnification, ∼ 1.05 arcmin 2 , for µ > 5 to ∼ 0.47 arcmin 2 for µ = 10, for a source at a redshift of z s = 9.0. The cumulative area measured for RXJ0152 is compared to other RELICS clusters that provided a large high-magnification area, MACS J0308.9+2645 and PLCK G171.9-40.7, presented in Acebron et al. (2018) and Abell S295 (see Cibirka et al. 2018) . As in previous works, we also mark for reference the corresponding areas A(µ > 5) and A(µ > 10) for the Hubble Frontier Field (HFF) clusters , computed from the zitrin-ltm-gauss models (in the full area provided for each cluster). Even though RXJ0152 is a significantly smaller (less massive) lens, its lensing strength is nearly comparable to both the typical HFF or the RELICS clusters lensing strengths from both the LTM and Lenstool models. We also point that the LTM lensing strength is slightly greater than that from the Lenstool model, apart from the final modeling differences, because of the structure in the SW that we chose to not include in the Lenstool model due to the lack of lensing constraints in that region. This SW structure creates an additional region of high-magnification in our LTM model. The high lensing efficiency of RXJ0152 is partly due to its merging state, where high-magnification regions arise between the merging subclumps or substructures projected on the plane of the sky (i.e. Torri et al. 2004; Meneghetti et al. 2007; Fedeli et al. 2010; Redlich et al. 2012; Wong et al. 2012; Cibirka et al. 2018) . A primary goal of the RELICS observations was to detect a statistically significant number of high-redshift galaxies. Salmon et al. (2017) performed an extensive photometric study of the 41 RELICS cluster fields revealing 321 candidate galaxies with photometric redshifts between z ∼ 6 to z ∼ 8.
Particularly, the authors found large samples of such high-redshift candidate galaxies in fields magnified by relatively high-redshift (i.e. close to z ∼ 1), morphologically complex clusters. Indeed, for a given lens angulardiameter distance D L , the lensing signal depends on the angular-diameter distances to the source (D S ), and from the lens to the source (D LS ), as ∝ D LS / D S . This means that for clusters at high redshift, the lensing power increases significantly with source redshift, relative to the slow increase in low redshift clusters. For instance, the highest redshift cluster (z = 0.972) for which a full strong lens model was recently published, SPT-CLJ0615-5746 (Paterno-Mahler et al. 2018) , based on RELICS observations. Their SL analysis reveals critical curves that substantially increase from z s = 1.3 to z = 9.93 and together with RXJ0152 presented the second and third largest sample of high-redshift galaxies, respectively, within any RELICS cluster's field of view. Similarly, (Zitrin et al. 2013a) carried out a lensing analysis with LTM on another famous galaxy cluster ACT-CLJ0102-49151 at a similarly high redshift, z = 0.87, known as El Gordo (and also part of the RELICS sample). The authors found that the two central clumps, each forming its own modest critical curve for a source redshift z s = 2, rapidly increase with source redshift and the two critical regions merge together into a large elongated lens for sources at z s = 9. For such high redshift clusters, the power to lens z ∼ 1−2 background galaxies is small, but increases rapidly for higher redshift sources. More recently, and adopting the fully parametric SL algorithm Lenstool (Jullo et al. 2007 ), Cerny et al. (2017) found similar results where its Einstein radius increases from R E = 27.2 ± 1.4" for a source at z s = 3.0 to R E = 40.3 ± 2.0" at z s = 9.0 and leading to the discovery of the fourth largest sample of high-z galaxy candidates in RELICS. The high-z candidates within RXJ0152's FOV are presented in Table 2 and their positions are indicated in the left panel of Figure 4 , mainly lying outside of the z s = 6.5 critical area. For each high-z candidate, we present a magnification estimate (and its statistical uncertainty) from our best-fit model. The absolute magnitude, M uv , at λ = 1500Å, is then obtained following the UV continuum slope f λ ∝ λ β parametrization for galaxies (Meurer et al. 1999 ) that we compute with a weighted least-squares fit using the four WFC3/IR bands (F105W, F125W, F140W, and F160W). The flux corresponding to the redshifted λ = 1500Å is then used to obtain the absolute magnitude, given by M AB = 31.4−2.5 log 10 (F nJy ). As input we use the EAZY redshift (Brammer et al. 2008) estimates given in Salmon et al. (2017) , which consistently predict these objects to be at high-z (the scope being to characterize the intrinsic properties of high-z candidates). The resulting rest-frame UV luminosities (corrected for lensing magnifications) have a mean of M UV ∼ −18.2(−19.0) and standard deviation of 1.03(0.75) for the samples at z = 6(7) respectively. We used our best-fit SL model to check (but did not find) for any high-redshift multiply-imaged galaxies. However, our SL model can provide hints about the true nature of the candidate CL0152-13-0505 which would more probably be a low-z galaxy since, at z ∼ 5.6, our model predicts further multiple images that we do not identify whereas for z ∼ 1.0, a solution predicted by the BPZ photometric code, the galaxy is not multiply-imaged. Magnification map from our best-fit LTM model for a source at zs = 6.5, the redshift around which the majority of the RELICS high-z candidates were found in Salmon et al. (2017) -pictured as blue stars. The black rectangle indicates the WFC3/IR FOV with a different roll angle to fit in all high-z candidates. Right panel: we also assess the strength of RXJ0152 as a lens, comparing the cumulative area having a magnification higher than a given value for a source at zs = 9.0 (in black and magenta for our LTM and Lenstool models, respectively) with those from other known efficient RELICS SL clusters modeled with the LTM pipeline, MACS J0308.9+2645, PLCK G171.9-40.7 and Abell S295 (in blue, red and green, respectively). The cumulative areas (µ > 5 and µ > 10) for the Hubble Frontier Fields clusters are also indicated as colored stars, computed from the submitted zitrin-ltm-gauss models. The 1σ errors are typically of the size of the star symbol.
Another factor that can enhance the lens efficiency of clusters is the high ellipticity or elongation of the lens. The effect of substructures and ellipticity was quantified, for example, in N-body simulated and realistic clusters in Meneghetti et al. (2007) where the authors found that substructures and cluster ellipticity account for ∼ 30 − 40% of the total cluster cross section, respectively. The combination of these factors explained for instance the unexpectedly high number density of multiple images seen in MACS J0416.12403 at z = 0.40 (see Zitrin et al. 2013b ). The mass distribution of RXJ0152 appears to be highly elongated for which we estimate an ellipticity (measured as (a 2 − b 2 )/(a 2 + b 2 )) of ∼ 0.76 ± 0.02 in the inner regions but dropping to ∼ 0.54 ± 0.05 at larger radius. This values are similar to those measured for MACS J0416.12403 with an ellipticity of ∼ 0.72 ± 0.01(0.47 ± 0.04) in the inner(outer) regions. These measurements are in agreement with results from N-body dark matter only simulations (Despali et al. 2017) , where 10 11 − 10 15 M h −1 haloes are more elongated in the centre than the outskirts, which still undergo significant interactions with the cluster's environmnent. In MACS J0416.12403, Zitrin et al. (2013b) identified around 70 multiple images over a critical area of ∼ 0.6 arcmin 2 (at z = 2), from deeper imaging from the CLASH/HST survey (see Postman et al. 2012) . The critical area for z s = 2 for RXJ0152 is only ∼ 0.1 arcmin 2 where we find at least 25 multiple images in total (31, if also considering candidate identifications), so that the number of multiple images per area, i.e., the density of multiple images, is exceptionally high, enabling highresolution constraints on its central mass distribution.
The enhanced lensing efficiency of RXJ0152 also likely contributes in making the high-redshift, merging cluster RXJ0152 one of the most highly-magnifying lenses from the RELICS sample. That said, it should however also be noted that cosmic variance can play a nonnegligible role in boosting the number of multiple images and high-redshift galaxies within a cluster's FOV (Leung et al. 2018) . The uncertainty in the volume density of high-redshift galaxies arising from cosmic variance was estimated to be around ∼ 10 − 20% for Lyman-break galaxies at z ∼ 3 − 4 (Somerville et al. 2004 ) but it can increase to ∼ 35% for higher-redshift sources (around z ∼ 5, Trenti & Stiavelli 2008) . Uncertainties associated with cosmic variance should carefully be taken into account in high-redshift studies, for example, as it can significantly affect the constraints on the faint-end slope of the high-redshift luminosity function (Robertson et al. 2014) , which is beyond the scope of this study.
We also note that the RMS of our model can be artificially boosted. There are two main reasons for this. The first is technical: the LTM, given it is not fully analytic, is constructed on a grid. The grid's finite resolution (typically similar or of the order of the HST pixel scale), due to round ups in the image and source positions, introduces a modest RMS boost which can reach 0.1-0.3 arcseconds per system (we now work on assessing this more thoroughly and more exact results will be reported in future work). The second reason is that the minimum of free parameters and the assumption that mass is coupled to the light distribution, while on one hand maximizing prediction power allowing for the detection of multiple images, does not allow for excessive flexibility in the model, and the fit is limited to the LTM assumption framework. Finally, we would like to emphasize that users should cautiously use SL modeling outputs (such as convergence, magnification, etc.) beyond the SL regime where multiple images are seen. The lens model is thus considered as an extrapolation beyond this limit. In addition, the smoothing and other interpolations used in our methodology can introduce artifacts at the edges of the modeled FOV.
Recent studies have focused on better understanding and quantifying the impact of systematic errors arising from different assumptions (i.e. different algorithms) in Note. -a Galaxy ID, following Salmon et al. (2017) notations. Note that the cluster is also named CL 0152.7-1357. The horizontal line separates candidates at z ∼ 6 and z ∼ 7. b Apparent magnitude in the F125W band. c Redshift estimation based on the BPZ pipeline along with their 1σ uncertainties. d Redshift estimation based on the EAZY pipeline along with their 1σ uncertainties. e Magnification estimates (at the respective source redshift) from our LTM best-fit model and the corresponding statistical uncertainty (measured as the standard deviation). The best-fit value is the one used for all relevant computations.
f Average magnification estimates (at the respective source redshift) from our Lenstool model and statistical uncertainty (i.e. the standard deviation) from 2000 MCMC models.
g Absolute magnitude, Muv, at λ = 1500Å for which the errors have been propagated from the photometric and magnification uncertainties based on our best-fit LTM model. the modeling of strong lensing clusters (Treu et al. 2016; Meneghetti et al. 2017; Bouwens et al. 2017a) . We have then modeled RXJ0152 with the Lenstool in order to compare the main SL outputs between the two modeling tools which are the main algorithms providing SL models of RELICS clusters for the community.
We find that the resulting mass distributions are in good agreement as shown in Figure 3 . While the Lenstool model estimates a higher mass in the inner region of the cluster core (the LTM being shallower as is typically the case) and the LTM model is more massive in the outskirts due to the structure in the SW, both models are in very good agreement in the intermediate region.
Regarding the high-z candidates, the magnification estimates are in fairly good agreement between the two models but the discrepancies between models become larger for high magnification values (Bouwens et al. 2017a ). The LTM pipeline predicts some high-redshift candidates with significantly higher magnification values. This is partly ecause of some high-magnification region between the merging clump-that we did not include in the Lenstool model.
SUMMARY
The merging galaxy cluster RXJ0152.7-1357 (also known as CL 0152.7-1357; z = 0.83) is one of the X-ray brightest, and thus best studied clusters, at such highredshifts, but missing a full, public SL analysis to date.
In this work we have presented a SL analysis of RXJ0152 based on recent observations from the RELICS survey and adopting a Light-Traces-Mass methodology that allowed us to uncover several sets of multiple images of background galaxies to be used as constraints for the modeling. Umetsu et al. (2005) had uncovered, and spectroscopically confirmed one multiply-imaged system that allowed them to put constraints on the NE clump of the cluster. Thanks to the RELICS survey we were now able to uncover a relatively large number of new multiple images over a small area of just ∼ 0.4 arcmin 2 , allowing us to put high-resolution constraints on the central mass distribution of RXJ0152.7-1357.
The mass distribution of RXJ0152's core, as revealed by our SL modeling and as indicated by the member galaxy distribution, shows a clumpy morphology made of several substructures which further supports the merging scenario reported in previous works (Maughan et al. 2003; Jee et al. 2005a ). RXJ0152 appears to be a modest lens with relatively small critical curves for a source redshift z ∼ 2, over several merging clumps, and enclosing a mass of 2.5 ± 0.4 × 10 13 M . We note that, together with the Baby Bullet cluster, RXJ0152 was one of the 2 RELICS clusters not detected in the SZ mass Planck cluster catalog PSZ2 (Planck Collaboration et al. 2015) . For higher redshift sources (z ∼ 9) these critical curves merge, boosting the critical area. As a result, RXJ0152.7-1357 presents a sightly smaller, but overall similar lensing strength for z ∼ 9 sources, as other RELICS cluster that were found to be massive and prominent lenses (see Figure 4) .
The elongated substructure chain composing RXJ0152 results in an efficient lens (e.g. Merten et al. 2011; Limousin et al. 2012) , accounting in part for the high density of multiply imaged galaxies. RXJ0152 also comprises the third-larger sample of high-redshift (z ∼ 6 − 7) candidates among all clusters in the RELICS program (Salmon et al. 2017 ), a sample which we further characterized in this work thanks to our lens model. This RELICS cluster shows the advantage of targeting highredshift, merging clusters, even if modestly massive, as the high-level of substructure together with its elongated shape boosts the lensing efficiency (Zitrin et al. 2013a ).
Finally, we present a comparison between the LTM and Lenstool SL models. In general, both the mass distribution and magnification values are in good agreement, the differences arising from the distinct assumptions in the modeling techniques and parametrization. The LTM modeling estimates a larger high-magnification area due to the SW structure. A more detailed comparison between these two techniques is relegated to a future paper.
Among all massive galaxy clusters observed with HST to date, there is a significant number of clusters having none or few spectroscopically measured multiple images. Similarly, RXJ0152 has only one spectroscopically measured system, presented in Umetsu et al. (2005) . Upcoming observing campaigns will help overcome this source of systematic uncertainties, probably the main caveat of current SL models (Johnson & Sharon 2016; Remolina González et al. 2018) . The lens models presented in this work, as well as magnification maps, are made publicly available through the MAST archive 20 .
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